Directed mutations of the strongly conserved lysine 155 in the catalytic nucleotide-binding domain of beta-subunit of F1-ATPase from Escherichia coli.
The amino acid sequence -Gly-X-X-X-X-Gly-Lys- occurs in many, diverse, nucleotide-binding proteins, and there is evidence that it forms a flexible loop which interacts with one or other of the phosphate groups of bound nucleotide. This sequence occurs as -Gly-Gly-Ala-Gly-Val-Gly-Lys- in the beta-subunit of the enzyme F1-ATPase, where it is thought to form part of the catalytic nucleotide-binding domain. Mutants of Escherichia coli were generated in which residue beta-lysine 155, at the end of the above sequence, was replaced by glutamine or glutamate. Properties of the soluble purified F1-ATPase from each mutant were studied. The results showed: 1) replacement of lysine 155 by Gln or Glu decreased the steady-state rate of ATP hydrolysis by 80 and 66%, respectively. 2) Characteristics of ATP hydrolysis at a single site were not markedly changed in the mutant enzymes, implying that lysine 155 is not directly involved in bond cleavage during ATP hydrolysis or bond formation during ATP synthesis. 3) The binding affinity for MgATP was weakened considerably in the mutants (Lys much much greater than Gln greater than Glu), whereas the binding affinity for MgADP was affected only mildly (Lys = Gln greater than Glu), suggesting that lysine 155 interacts with the gamma-phosphate of ATP bound at a single high affinity catalytic site. 4) The major determinant of inhibition of steady-state ATPase turnover rate in the mutant enzymes was an attenuation of positive catalytic cooperativity. 5) The data are consistent with the idea that during multisite catalysis residue 155 of beta-subunit undergoes conformational movement which changes substrate and product binding affinities.